. The estimated outdoor annual effective dose varied between 0.22 and 1.79 mSv/year with a mean value of 0.55 mSv/year, which is higher than the world average for outdoor annual effective dose (0.07 mSv/year). The external hazard indices for the samples varied from 0.17 to 1.43 with the average value of 0.44, which is less than the unity. The average value of radium equivalent activity was estimated and found to be 161.40 BqKg -1 which is less than the acceptable limit of world average value of 370 BqKg -1 .
INTRODUCTION
Natural radioactivity is widespread in the earth's environment and it exists in various geological formations like soils, rocks, plants, sand, water and air. Hence, humans should be aware of their natural environment with regard to the radiation effects due to the naturally occurring and induced radioactive elements. Natural background radiation is the combined radiation field produced by the primordial and cosmogenic radioactive materials around us plus cosmic radiation from space. There are few areas in the world such as Brazil, China, India, Austria, France and Iran (Roessier et al. 1990) where the background radiation levels were found to be high, varying over an order of magnitude depending upon the site-specific terrestrial radioactivity. The assessment of gamma radiation dose from natural sources is of particular importance as natural radiation is the largest contributor to the external dose of the world population (Pfennig 1995 ). An attempt is made in this paper to determine the activity concentration of 226 Ra, 232 Th and 40 K in beach sand and sediment samples collected from Kuakata seashore of Patuakhali using high purity germanium (HPGe) detector of relative efficiency 20% and to compute the total absorbed gamma-dose rate in air due to the presence of 238 U series, 232 Th series and 40 K in the samples (Turner 1995) .
MATERIALS AND METHODS
Twenty samples consisting of shore sand and sediments were collected from different sites along the coast of the Kuakata sea beach of Patuakhali (during 1st to 4th January, 2014).
At each site about 1 to 1.25 kg samples of shore were successively collected at a depth of 0.20 m (20 cm) from the surface at intervals of 0.5 km and transferred into polyethylene bags and labeled accordingly. The coordinates of the sampling area is in between 215225.42N and 215154.33N and 90631.06E and 901553.31E (Fig. 1) . The samples were then transported, stored and processed at the sample preparation laboratory of Bangladesh Atomic Energy Center, Dhaka. The samples were cleaned for stones, gravels, grass-roots, vegetation etc. and then dried in the sun for several days. The samples were then crushed and ground to fine grains using a grinding machine. The samples were mixed homogeneously and passed through a sieve of 200 m mesh size. The samples were dried again in a temperature controlled oven at 104C temperature for 24 hours in order to eliminate any traces of water. Upon drying the samples were transferred to sealable cylindrical plastic containers of 7 cm height and 5.5 cm in diameter and the weights of the samples were recorded using an electrical balance. The sample-filled plastic containers were sealed tightly with cap and wrapped with thick vinyl tape around their necks; marked individually with identification number, sample location, date of preparation and net weight and then stored for about 30 days to assume secular equilibrium between 238 U and 232 Th series and their daughter progenies (Ahmed et al. 2014) .
The detection and measurement of radionuclides in the samples were carried out by gamma spectrometry system using a p-type co-axial HPGe detector of 93 cm 3 active volume and 20% relative efficiency supplied by CANBERRA. The co-axial geometry with electrical contacts in the form of concentric cylinders closed at the end makes it possible to produce very large volume detector elements with excellent efficiencies for high-energy photons. The HPGe had a resolution of 2 keV at 1332 keV of Cobalt-60 gamma-ray line. The detector was coupled to a 16 k-channel analyser. The spectra of all samples were perfectly analysed using Genie-2000 spectra analysis software (which matched various gamma energy peaks to a library of all possible radionuclides) to calculate the concentrations of 226 Ra, 232 Th and 40 K. The detector was enclosed in a cylindrical shielding container made of lead and iron and having a moving cover to reduce the external gamma-ray background. All the samples were counted for 5 ks. Prior to the measurement of the samples, the environmental gamma background at the laboratory site was determined with an identical empty plastic container used in the sample measurement. (Roessier et al. 1970) .
Calibration of the detector:
The efficiency calibration of the detector was carried out by standard source of solid matrix prepared using 226 Ra standard solution. The standard source was prepared using identical container used for the measurement of the samples. The preparation process of standard sources had been reported elsewhere Co point sources.
The activity concentration (A) of each radionuclide in the samples was determined by using the net count (cps) (obtained by subtracting the background counts from the gross counts with same counting time under the selected photo peaks), weight of the sample, the photo-peak efficiency and the gamma intensity at a specific energy as (UNSCEAR 2000)
where, A = activity of the sample in Bqkg The errors in the measurement have been expressed in terms of standard deviation (± 2), where  is expressed as (Knoll 1998) 
Calculation of radiological hazard:
Radiological impacts of the radionuclides found in the samples were calculated on the basis of calculation of radium equivalent activity, dose rate calculation, and effective dose rate and hazard indices as following. To estimate the annual effective dose rate, the conversion co-efficient from absorbed dose, 0.7 SvGy -1 and outdoor occupancy factor 0.2 proposed by UNSCEAR (2000) were used by considering that the people on the average, spent 20% of their time outdoors (Debertin and Helmer 1988) .
The effective dose rate in units of mSvy -1 was calculated by the following formula:
Effective dose rate, E (mSvy ).
RESULTS AND DISCUSSION
The results of the present study on the two types (Sand and sediment) of samples are summarized in the following sections. , respectively which were lower than the world average value of 370 Bqkg -1 (UNSCEAR 2000) reported by OECD. However, KKSAND05 showed significantly higher values of radium equivalent activity.
The calculated values of external hazard index for sand and sediment samples ranged from 0.35 to 1.43 and 0.17 to 0.38, with an average of 0.64 and 0.28. These were lower than the world wide average value 1 (UNSCEAR 2000). (Abdil et al. 2006 ) and for sediment samples it was lower than the world average values. The outdoor annual effective dose equivalent was calculated from the air absorbed doses using the relation given in Eq. The values of hazard index (in some samples), absorbed dose rate and annual effective dose found in the present study exceed the standard limits for radiological safety. Therefore, though insignificant, these environmental components may produce higher radiation exposure effect to the public living around the area than the other part of the country. As tourist stay for short period, it is not hazardous for them. The relationship between 226 Ra and 40 K, was weak with correlation coefficient of 0.46. The weak correlation (0.46) between radium and potassium might be explained due to high potassium solubility (Mamoney et al. 2004) . The weak correlation existed between 232 Th and 40 K in the samples ((R 2 = 0.456) shown in Fig. 7 , which indicated 40 K concentrations might not be related to the presence of 232 Th . were similar to the world average values. However, the activity levels in sand samples were also significantly higher than the other parts of the country. The calculated average absorbed dose rate and estimated outdoor annual effective dose were found higher than the worldwide average values for sand samples. The average radium equivalent activity (R eq ) and external hazard (H ex ) indices were less than the world average values. Therefore, the probability of the radiological impact on the inhabitants/public living in this area will be insignificant. It is not also hazardous for tourist because they stay for short period in the concerning area.
